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(57) ABSTRACT 

In an image processing method, a tone of a target pixel and 
tones of peripheral pixels around the target pixel are 
detected. Also, a tone difference betWeen the target pixel and 
each peripheral pixel is detected. Then, smoothing process 
ing is executed upon image data of the target pixel, based on 
the tone differences betWeen the target pixel and the periph 
eral pixels, in such a Way as to reduce a change of the tone 
of the target pixel. 
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IMAGE PROCESSING APPARATUS, IMAGE 
PROCESSING METHOD, AND COMPUTER 

PROGRAM PRODUCT THEREFOR 

[0001] This application is based on application No. 2001 
160741 ?led in Japan, the entire content of Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an image process 
ing apparatus, an image processing method, and a computer 
program product by Which smoothing processing is per 
formed for input image data. 

[0003] In a knoWn image processing apparatus, to prevent 
moire from being generated in an image shoWing dots, 
average values of each of lightness data R (red), G (green), 
and B (blue) of a target pixel and pixels in the periphery of 
the target pixel are computed, and the lightness data R, G, 
and B of the target pixel are replaced With the corresponding 
computed average values to thereby execute smoothing 
processing upon the image. In another knoWn image pro 
cessing apparatus, Weighted average values of each of the 
lightness data R, G, and B of the target pixel and the pixels 
on the periphery thereof are computed, and the lightness data 
of the target pixel are replaced With the computed average 
values. 

[0004] HoWever the conventional image processing appa 
ratuses have the folloWing problem: If an input image has a 
black character draWn in a region of color dots, a black 
character portion of the target pixel is replaced With an 
average value of the black character and color dots around 
the black character. Thus as a result of the execution of the 
smoothing processing, the black mixes With the colors of the 
color dots around the black character. Consequently the 
black character is blurred and the visibility of the black 
character deteriorates. In addition to this problem caused by 
dots, the conventional image-processing apparatuses have a 
problem in executing the smoothing processing upon for an 
image such as a photographic image in Which importance is 
given to gradation. The problem is that When peripheral 
pixels in the periphery of the target pixel are much different 
in their tone from that of the target pixel, the tone of the 
target pixel is changed by the in?uence of the tone of the 
peripheral pixels. 

SUMMARY OF THE INVENTION 

[0005] Therefore, it is an object of the present invention to 
provide an image processing apparatus, an image processing 
method, and a computer program product capable of execut 
ing smoothing processing While suppressing a change in 
tone. 

[0006] In an image processing apparatus according to an 
aspect of the present invention, a smoothing means executes 
smoothing processing upon image data of a target pixel. A 
tone detection means detects a tone of the target pixel and 
tones of peripheral pixels around the target pixel. A tone 
difference detection means detects a tone difference betWeen 
the target pixel and each peripheral pixel. A control means 
controls the smoothing means, based on the tone difference 
betWeen the target pixel and each peripheral pixel, to per 
form the smoothing processing of the target pixel in such a 
Way as to reduce a change of the tone of the target pixel. 
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Therefore it is possible to restrain the tone from being 
changed by the smoothing processing. 

[0007] For a dot region, Which is a region of dots, it is 
necessary to execute the smoothing processing such that 
moire is not generated. Thus in one embodiment, a region 
detection means determines Whether the target pixel is 
present in a dot region. When the region detection means 
determines that the target pixel is present in the dot region, 
the smoothing means executes smoothing processing of the 
target pixel. Therefore it is possible to prevent the generation 
of moire in the dot region. In addition, it is possible to 
prevent a tone from being added to a black character present 
in a region of color dots, so that the black character is 
prevented from being blurred. 

[0008] In one embodiment, the control means excludes a 
peripheral pixel having a tone difference larger than a 
predetermined value from the target pixel, from an object 
pixel contributing to the smoothing processing of the target 
pixel. Consequently no contribution to the smoothing pro 
cessing of the target pixel is made by the peripheral pixel 
having a tone difference larger than the predetermined value 
from the target pixel. Accordingly it is possible to effectively 
restrain the tone of the target pixel from being affected or 
changed by the smoothing processing. 

[0009] In one embodiment, the control means sWitches a 
?lter coef?cient for smoothing processing of the target pixel 
When a peripheral pixel having a tone difference larger than 
a predetermined value from the target pixel is present in a 
predetermined region around the target pixel. The term 
“?lter coef?cient” used herein means a Weighting coef?cient 
for determining the degree of contribution of a peripheral 
pixel to the smoothing processing for the target pixel. 

[0010] OWing to appropriate sWitching of the ?lter coef 
?cient, it is possible to effectively restrain the target pixel 
from being changed in its tone by the smoothing processing. 
For example, by setting the ?lter coef?cient for the periph 
eral pixel having a tone difference from the target pixel 
larger than the predetermined value to Zero, no contribution 
to the smoothing processing of the target pixel is made by 
that peripheral pixel. Further, if the setting of the ?lter 
coef?cient to Zero is accompanied With increasing the ?lter 
coef?cients of the remaining peripheral pixels in the prede 
termined region around the target pixel, it is possible to 
effectively restrain the density level (or lightness level) of 
the target pixel from being changed by the smoothing 
processing. 
[0011] In one embodiment, the smoothing means replaces 
image data of a target pixel With an average value of the 
image data of the target pixel and image data of the 
peripheral pixels. 

[0012] In one embodiment, the smoothing means replaces 
the image data of the target pixel With a Weighted average 
value of the image data of the target pixel and the image data 
of the peripheral pixels. At this time, the control means may 
set a Weight to Zero for a peripheral pixel having a tone 
difference from the target pixel larger than a reference value. 
Alternatively, the control means may change the Weight for 
a peripheral pixel, according to the tone difference of the 
peripheral pixel from the target pixel. 

[0013] In one embodiment, the smoothing means replaces 
image data of the target pixel With an average value of image 
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data of the target pixel and image data of peripheral pixels 
having a tone difference from the target pixel smaller than a 
reference value. 

[0014] In an image processing method according to 
another aspect of the present invention, initially a tone of a 
target pixel and tones of peripheral pixels present around the 
target pixel are detected. Thereafter a tone difference 
betWeen the target pixel and each peripheral pixel is 
detected. Based on the tone differences betWeen the target 
pixel and the peripheral pixels, smoothing processing is 
executed in such a Way as to reduce a change of the tone of 
the target pixel. Therefore it is possible to restrain the tone 
of the target pixel from being changed by the smoothing 
processing. 
[0015] In one embodiment, Whether the target pixel is 
present in a dot region is determined. When it is determined 
that the target pixel is present in the dot region, smoothing 
processing of the target pixel is executed. Therefore it is 
possible to prevent the generation of moire in the dot region. 
In addition, it is possible to prevent a tone from being added 
to a black character present in a region of color dots, so that 
the black character is prevented from being blurred. 

[0016] In one embodiment, a peripheral pixel having a 
tone difference larger than a predetermined value from the 
target pixel is excluded from an object pixel contributing to 
the smoothing processing of the target pixel. As a result, no 
contribution to the smoothing processing of the target pixel 
is made by the peripheral pixel having a tone difference 
larger than the predetermined value from the target pixel. 
Accordingly it is possible to effectively restrain the smooth 
ing processing from changing the tone of the target pixel. 

[0017] In one embodiment, a ?lter coefficient used for the 
smoothing processing of the target pixel is sWitched When a 
peripheral pixel having a tone difference larger than a 
predetermined value from the target pixel is present in a 
predetermined region around the target pixel. The proper 
sWitching of the ?lter coef?cient effectively suppresses a 
change in the tone of the target pixel Which Would be caused 
by the smoothing processing. 

[0018] A computer program product according to a further 
aspect of the present invention comprises a computer-read 
able medium and a computer program recorded on the 
computer-readable medium. The computer program is for 
performing the steps of: 

[0019] detecting a tone of a target pixel and tones of 
peripheral pixels around the target pixel; 

0020 detectin a tone difference betWeen the tar et g g 
pixel and each peripheral pixel; and 

[0021] executing smoothing processing upon image 
data of the target pixel, based on the tone differences 
betWeen the target pixel and the peripheral pixels, in 
such a Way as to reduce a change of the tone of the 
target pixel. 

[0022] The use of the computer program product in a 
computer realiZes the image-processing apparatus and 
method of the present invention. 

[0023] Other objects, features and advantages of the 
present invention Will be obvious from the folloWing 
description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying draWings Which are given by Way of 
illustration only, and thus are not limitative of the present 
invention, and therein: 

[0025] FIG. 1 is a schematic sectional vieW shoWing the 
entire construction of a full color copying machine accord 
ing to an embodiment of the present invention; 

[0026] FIG. 2 shoWs the construction of an image pro 
cessor of the copying machine of FIG. 1; 

[0027] FIG. 3 also shoWs the construction of the image 
processor of the copying machine of FIG. 1; 

[0028] FIG. 4 shoWs the construction of a region deter 
miner included in the image processor; 

[0029] FIG. 5 shoWs the construction of a dot detector 
included in the region determiner; 

[0030] FIG. 6 shoWs a 5 pixels by 5 pixels WindoW set by 
an isolation point detector to determine isolation points; 

[0031] FIG. 7 shoWs a WindoW set by a dot-region 
expander to expand a region of dots; 

[0032] FIG. 8 shoWs the construction of an in-dot char 
acter region detector; 

[0033] FIG. 9 is a ?oWchart shoWing an operation of an 
image corrector to change the image processing contents 
based on results of region determination by the region 
determiner; 

[0034] FIG. 10 is a ?oWchart shoWing an example of 
smoothing processing; 

[0035] FIGS. 11A, 11B, and 11C shoW image data before 
subjected to smoothing processing, Wherein FIG. 11A 
shoWs an original document having dots, FIG. 11B is an 
enlarged vieW of a WindoW and FIG. 11C shoWs gradation 
data as read; 

[0036] FIGS. 12A, 12B and 12C are vieWs explaining that 
the conventional smoothing processing causes a change in 
tone; 

[0037] FIGS. 12D, 12E and 12F are vieWs explaining that 
the smoothing processing in the embodiment of the present 
invention is capable of suppressing the change in tone; 

[0038] FIG. 13 shoWs the construction of a tone detector 
included in the region determiner; 

[0039] FIG. 14 shoWs the construction of a smoother 
included in the image corrector; 

[0040] FIGS. 15A-15C are vieWs for explaining the func 
tion of ?lter coefficients, Wherein FIG. 15A shoWs image 
data, FIG. 15B shoWs ?lter coef?cients for smoothing 
processing, and FIG. 15C shoWs a computation example; 

[0041] FIGS. 16A-16C are vieWs for explaining the func 
tion of ?lter coefficients, Wherein FIG. 16A shoWs image 
data, FIG. 16B shoWs ?lter coef?cients for smoothing 
processing, and FIG. 16C shoWs a computation example; 

[0042] FIGS. 17A-17C are vieWs for explaining the func 
tion of ?lter coefficients, Wherein FIG. 17A shoWs image 
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data, FIG. 17B shows ?lter coef?cients for smoothing 
processing, and FIG. 17C shoWs a computation example; 

[0043] FIG. 18 is a ?owchart showing another smoothing 
processing executed in the embodiment of the present inven 
tion; and 

[0044] FIG. 19 shoWs the construction of a smoother 
performing the smoothing processing shoWn in FIG. 18. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0045] Embodiments of the present invention Will be 
described beloW in detail With reference to the draWings. 

[0046] (1) Entire Construction of Image-Forming Appa 
ratus 

[0047] FIG. 1 is a schematic sectional vieW shoWing the 
entire construction of a full color copying machine 1 (here 
inafter, simply “copying machine”) as an example of the 
image processing apparatus of the present invention. 

[0048] The copying machine 1 has a function of forming 
an image in an image-forming station 300 by using digital 
image data of an original document read by an image read 
station 200. An automatic document feeder 100 is disposed 
over the image read station 200. Normally, in the copying 
machine, the image read station 200 reads the original 
document fed to an image-reading position by the automatic 
document feeder 100, and obtained image data is transferred 
to the image-forming station 300 in Which an image is 
formed on a sheet of recording paper. The copying machine 
1 can be connected to an external apparatus such as a 
personal computer through an interface 207. Thereby it is 
possible to realiZe a scanner function of outputting the image 
data read by the image read station 200 to the external 
apparatus and a printer function of forming an image by the 
image-forming station 300 by using image data supplied to 
the copying machine 1 from the external apparatus. 

[0049] The automatic document feeder 100 feeds an origi 
nal document set on a document tray 101 to a document 
reading position. After the original document is read, the 
original document is discharged to a document discharge 
tray 103. A document feeding operation is performed 
according to an instruction transmitted from an operation 
panel. An original document discharge operation is per 
formed in response to a read termination signal transmitted 
from the image read station 200. In the case Where a plurality 
of sheets of an original document are set on the document 
tray 101, the operations of feeding, reading, and discharging 
the sheets of the original document are sequentially executed 
according to control signals consecutively generated. 

[0050] In the image read station 200, an exposure lamp 
201 irradiates the original document placed on a document 
glass 208. Light re?ected from the original document is 
focused on a CCD sensor 204 through a group 202 of 
?rst-third mirrors 2021-2023 and a lens 203. A scan motor 
209 drives the exposure lamp 201 and the ?rst mirror 2021 
to move in a direction shoWn With an arroW A at a speed V 
in accordance With a copying magni?cation or scaling. 
Thereby the entire surface of the original document on the 
document glass 208 is scanned. As the exposure lamp 201 
and the ?rst mirror 2021 perform the scanning operation, the 
second mirror 2022 and the third mirror 2023 move at a 
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speed of V/2 in the direction shoWn With the arroW A. The 
position of the exposure lamp 201 is controlled by comput 
ing the position from its movement distance from its home 
position, namely, from the number of steps of the scan motor 
209 and a detection signal outputted from a scan home 
sensor 210. The light re?ected from the original document 
enters the CCD sensor 204 and is converted into an electric 
signal in the CCD sensor 204. The electric signal is sub 
jected to analog processing, AD conversion, and digital 
image processing in an image-processing section 205. Then 
the signal is sent to the interface 207 and the image-forming 
station 300. Separately from the original document-reading 
position on the document glass 208, a White shading cor 
rection plate 206 is disposed in the image read station 200. 
Prior to reading of image information of the original docu 
ment, the shading correction plate 206 is read to generate 
data for shading correction. 

[0051] The image-forming station 300 Will be described 
beloW. Initially exposure and imaging Will be described 
beloW. 

[0052] Image data sent from the image read station 200 or 
the interface 207 is converted into printing data of the 
different colors of cyan (C), magenta (M), yelloW (Y), and 
black The printing data are sent to a control portion of 
exposure heads Which are not shoWn. The control portion of 
each of the exposure heads operates a laser, according to a 
pixel value of the image data sent thereto. Emitted laser 
beams are made to scan one-dimensionally by a polygon 
mirror 301 to expose the surface of a photosensitive member 
inside each of imaging units 302C, 302M, 302Y, and 302K. 

[0053] Elements necessary for performing an electropho 
tographic process are disposed around the associated pho 
tosensitive member in each of the imaging units 302C 
302K. The electrophotographic process is performed 
consecutively by a clockWise rotation of the photosensitive 
members for each of C, M, Y, and K. The imaging units 
302C-302K necessary for image formation are unitary for 
each color, so that the imaging units 302C-302K are remov 
able from the copying machine, independent of each other. 
A latent image formed by the exposure is developed by 
developing units for each color on the surface of each 
photosensitive member disposed in the imaging units 302C 
302K. By transfer chargers 303C-303K disposed in con 
frontation With the photosensitive member and under a paper 
transfer belt 304, a toner image formed on the surface of the 
photosensitive member by the development is transferred to 
a sheet of the recording paper Which is fed by the paper 
transfer belt 303. 

[0054] The supply and transportation of the recording 
paper and the ?xing operation are described beloW. The 
recording paper to Which the toner image is transferred is 
supplied to an image transfer position in the folloWing order 
to form an image thereon. The recording papers of several 
siZes are set in paper supply cassettes 310a-310c. The 
desired recording paper is supplied to a transportation path 
by paper supply rollers 312a-312c mounted on the paper 
supply cassettes 310a-310c respectively. 

[0055] A pair of transportation rollers 313 transfer the 
recording paper supplied to the transportation path to the 
paper transfer belt 304. A timing sensor 306 detects a 
reference mark on the paper transfer belt 304 to adjust a 
transfer timing of the recording paper to be transferred. 




















